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(54) Process for cleaning a halogen containing gas 

(57) There is disctosed a process for cleaning a 
harmful gas which compr^es t>ringing a hamrful gas 
containing a fiak)gen gas and/or a halogen compound 
gas such as hydrogen fluoride, hydrogen chk)nde. tung- 
sten hexafluoride, silicon tetraf luoride and tx>ron trif tuo- 
ride into contact with a cleaning agent oonprising metal 
oxides composed principally of copper (II) oxide and 
mar)ganese (IV) oxide tfiat are spreadingly arvJ adhe- 
sively incorporated with sodium formate so as to 
remove a harmful conponent from the harmful gaa 
According to the cleaning process of the present Inven- 
tion, it is made possible to remove harmful components 
from the harmful gas in extrentely high efficiency at ordi- 
nary temperature, cfeper^ng with heating or codir^ 
Irrespective of the concefrtration of the harmful compo- 
nents. The deantng capacity of tf)e cleaning agent is 
favorably maintained without deterioration even when 
the harmful gas is in a dry stata Furthermore, the 
cleaning agent can remove the harmful gas in safety 
without a fear of causing fire or efiminatkm of the harm- 
ful component tfierefrom. The cleaning process charac- 
terized t^ the atx>ve items is highly useful and 
sign^icant from tfie irxfustrial point of view in tfiat it is 
well suited for cleaning exfiaust gases from semioorv 
ductor manufacturing process as weO as emergency 
countermeasure against the leakage of harmful gas 
from a gas cylinder. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . RekJ of the Invention 

The present invention relates to a process for cleaning a hamrful gas. More particularty, it pertains to a process for 
cleaning a hamriful gas containing a halogen or a halogen-compound (hereinafter referred simply to as lialogen-com- 
pound^ such as fluorine, chlorine, bromine, locfine. chlorine trifluoride, hydrogen fluoride, hydrogen chloride, boron tri- 
10 fluoride, silicon tetrafluoride arvi tungsten hexafluoride that are used mainly in semicorxluctor manufacturing 
processes. 

2. Description of Related Arts 

IS There has been a steady r^ in the consumption of halogen-compound gases such as fluorine, chlorine, fiydrogen 

fluoride and silicon tetrafluoride in recent years as semicorKluctor industry, optoelectronics industry and precision 

machinery industry continue to develop. 

These halogen-compound gases are each an indispensable gas as an etching gas. a cleaning gas or a film-forming 

gas. The above-mentioned halogen-compound gases are used in semiconductor manufacturing processes or the like 
20 as such or after being diluted with helium, argon, nitrog^, or the like, and thereafter are exhausted therefrom as such 

or after being diluted with a gas such as nitrogen or air, and accordingly, the concentration of the exhaust gas is not 

always constant 

Since each of these haloger>-compound gases exerts evil influence on human bodies and environment on account 
of its high toxicity, it is necessary to dean a harmful gas containing any of these hatogen-compounds after being used 

25 in semiconductor manufacturing process prior to the discharge in the atmosphere. 

As the means for removing a halogen-compound gas that is contained in an exhaust gas. there have heretofore 
been available a wel process and a dry process. The wet process is specifk^ally exemplified by a process in which a 
t^logen-corrpound gas is t>rought into contact with an aqueous solution of an alkali such as sodum hydroxide to 
absorb and decompose the gas in a scrubber, spray tower, rotary f ine^txibble generating unit or the like (refer to Japa- 

30 nese Patent Application Laid-Open Nos. 204022/1986. 125827/1987, etc.). On the other hand, the dry process is spe- 
cifk;ally exenrplified by a process in which the gas is brought into contact with an adsorbent such as an oxide, cartxxiate 
or the like of magnesium, socfium or potassium (refer to Japanese Patent Application Laid-Open NO. 232844/1988); an 
adsort>ent comprising activated caitxm impregnated with a zinc compound and an alkali metal corrpound or the like 
(refer to Japanese Patent Application LaidOpen No. 68051/1985); an adsort>ent comprising soda lime as an effective 

35 ingredient; or. in recent years, a cleaning agent conrprising a oorrposition containing triiron tetraoxide as a prirx^tpal 
ingredient (refer to Japanese Patent /Application Laid-Open No 275646/1995). 

However, the above-mentioned we^ process involves in general the problems that it finds diffKulty in the post-treat- 
ment of the liquid used for removing a haloger>-oompourxJ gas and the process not only requires corrplk^ated large 
equipment but also needs much expense in equipment and maintenance. 

40 On the Other harid, the aforesaid dry process in whkil an adsort>em such as an oxide, car 

nesium. sodium or potassium is used, suffers the disadvantage of low removal capacity tor hatogen-compound gas per 
unit volume of the adsort>ent The adsort>ent or cleaning agent corrprising activated cartxHi impregnated with a zinc 
corrpound and an alkali metal compound or the like involves the problems that the removal capacity for the harmful gas 
is insufficient as is the case with the abcve-mentioned adsort)ent thus faOmg to well cope with a large amount of gas to 

45 be treated. In addition, in the case of treating a highly reactive gas such a fluorine, the activated cartx)rvbased cleaning 
agent is involved in an possit)le danger ttiat fire due to itseH woukJ break out. It further involves the prot)lem that the 
harmful conponerns once adsort)ed is desort>ed t>ecause of its physical adsorption. 

In the case of the aforesaid soda lime, the r^noval capacity tor the harmful g^ is somewhat higher tftan that of any 
other cases, but the deantng agent irM)lves the problens that when saki agent is dried out, or when ttie exfiauted 

50 harmful gas to be treated has a tow concentration, the renxival capacity lowers to a great extent It also suffers the cfis- 
advantage tfiat there is a fear of causing dogging in a deaning column because of its deliquescent property in cont*- 
nation with the moisture contained inthegastot>edeaned. In the case of the deaning agent comprising a composition 
containing trnron tetraoxide as a principal ingredient, fhe deaning agent is excellent in its having a high deaning capac- 
ity at ordinary terrperature arvJ its capat>i1ity of complete arxJ safe deaning. but suffers tfie defect that when beir)g dried, 

55 its deaning capacity is k)wered. 

Under such drcumstances, it has bng been desired to realize a deaning agent tfiat has excellent deaning capacity 
for a harmful gas containing hak>ger>-conpound gases in bw concentrations and in dry state which gas is extiausted 
from a semiconductor manufacturing process or the Bke. and that is capable of removing said gas in high effk:ierK:y 
without any danger of causing fire at the time of dearting. 
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SUMMARY OF THE INVENTIQN 

In view of the above, intensive research and investigation were accunulated by th present inventors in order to 
solv the at30ve-mentioned problems. As a result it has t>een found that by th use of a cleaning agent corrprising 
5 metal oxides conrposed prindpany of copper (II) oxid and manganese (IV) oxide that are adhesively and spreadingty 
Incorporated with sodium fomiate, it is mad possible to dean a harmful gas containing a hatogerY-compound in 
extremely Ngh effictency and safety without the hazard of causing fire also without deteriorating the deaning capacity 
even in the state of dried deaning agent. The present invention has been accomplished on the basis of the above-men- 
tioned finding and information. 

10 Spedficalty, the present invention is concerned with a process for deaning a harmful gas which comprises tnlnging 
a harmful gas containing a halogen compound into contact with a deaning agent comprising metal oxides composed 
prindpalty of copper (II) oxide and manganese (IV) oxide that are spreadingty arxJ adhesively incorporated with sodium 
formate so as to remove a harmful component from said harmful gas. 

15 DESCRIPTION OF PREFERRED EMBODIMENT 

The process according to the present invention is applied to the deaning of a harmful halogernxmpound gas con- 
tained in an extiaust gas exhausted from a semiconductor manufadurirtg process or the like. Examples of the harmful 
gas which is an object of deaning include a halogen gas such as fluorine, chlorine, bromine, iodine and chlorine triflu- 

20 oride each contained in nitrogen, argon, helium, air or the like; a hydrog^ halogenide gas such as hydrogen fluoride, 
hydrogen chkKide. hydrogen kKomide and hydrogen iodide each contained in the same; arvj a hak)genide gas such as 
boron triftuoride, silkxm tetraftuoride, germanium tetrafluoride, tungsten hexaf tuoride and silicon tetrachloride each con- 
tained in the sama According to the process for deaning a harmful gas of the present inverrtkm in particular, it is made 
possible to rapidly and eff idently dean a large amount of a harmful gas at ordin£iry terrperature. 

25 There is used in the present invention, a deaning agent comprising spedfk; metal oxides that are spreadingty and 
adhesively incorporated with sodium formate. The atx>ve-mentk>ned metal oxides comprise copper (II) oxide and mar>- 
ganese (IV) oxide as prindpal ingredients, arxJ may further comprise an otfier metal oxide such as silver oxkie, alumi- 
num oxide, siHcon oxide* potassium oxide and sodium oxida The content of the copper (II) oxide and manganese (IV) 
oxide is usually not less than 60% by weight, preferably not less than 70% by weight expressed in temns of the total 

30 anrioumof both the oxides. The ratio by weight of the copper (II) oxide to the nrian^ :0.2to 
5.0, preferably 1 : 0.8 to 3.0. 

The atx3v&<iescrft)ed metal oxide-based composition can be prepared by a method in wttich the metal cxktes are 
mixed with one another, a method in which the oxides are prepared from a mixed sdutkHi of metal compound and any 
of various well-known metfux^ It is convenient however, to make use of the composition availat)le on tfie market under 

35 the trade name **Hopukante**. It is marketed mainly as a t>inary metallk; element system consisting of 40% by weight of 
copper (II) oxide and 60% by weight of manganese (IV) oxide, and Isesides as multi-corrponent system comprising 
other m^ oxides such as silver oxide, cobalt oxide, aluminum oxide and magrtesium oxide in an amount of not more 
than 40% by weight expressed in terms of the total amourrt of these oxides in adcfitk)n to the two principal m^ oxides. 
The above-mefitk>ned conrposrtion may be used alone or in conrPtnation with any of these metal oxties to be mixed 

40 therewith. 

The aforesaid metal oxide composition corrprising copper (II) oxkie and manganese (IV) oxkie as prindpal ing-e- 
dients is used usually in tf>e form of moUed item such as extrusion moUed item and tabletting moMed item, or in a 
ety of shapes and sizes by crushing the mdded items into proper sizes. Preferably, the size thereof is usually 4 to 20 
mesh for crushed item arvi approximately spherical item, 1.5 to 4 mm in diameter and 3 to 20 nrvn in length for extrusfon 
45 mdded item and 3 to 6 mm in djanoeter arxJ 3 to 6 mm in height for tabletting mokied iteta 

The antouit of the socfium formate to be spreadngly and acfiiesively added to tfie nr^l oxkies conposrtfon varies 
depencfing upon the kind and concentration of the halogervoompourKl gas arxJ thus can not be equivocally specified. 
In the case where the amount thereof to be added is unreasonably small, suff k;ient deaning capacity is not achieved, 
whereas in the case of the amount thereof t)eing treasonably large, the sodium formate can not be stably sipported 
50 on ttie meial oxkJe oompositfon, and beskies the removal rate for the harmful conponent is unfavorat^ly kswered. For 
these reasons, the amount thereof to be added is usually 1 to 60 parts by weight, preferably 20 to 40 parts by weight 
expressed in terms of sodium formate anhydride perl 00 parts by weight of the metal oxkies. 

The method for spreadingty and adhesively adcfing the sodium formate to the metal oxkies is exenrpl^ed by a 
metfKxJ oonrprising the steps of spraying the aqueous solution of socfium formate onto the metal oxkies that have been 
55 mdded in advance. whQe the oxkies are agitated so as to spreadingty and adhesively add the sodium formate to the 
oxkies; and thereafter dryir^ the resultant mixture. The afbresakJ metfxxJ, hovever. is non-limitative provkied that there 
is avaQat)le a metfxxi capable of adding th sodium formate ttiereto with an adhesive strength of the extent that ttie 
sodium formate thus added is not released during the use or handling of the deaning agent 

The tenperature at whk:h the socfium formate is spreadingty and adhesively added to the metal oxkie or tfte resutt- 
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ant mixtur is dried is usually not higher than 70°C. preferably not higher than 50*^0, since an unreasonably high tem- 
perature causes a fear of deteriorating the cleaning capadty. 

The cleaning ag nt to be used in the present invention is characterized not only in that the cleaning capacity, tfiat 
is. capacity for cleaning harmful gas is not lowered even in the case of low moistur content therein, but also in tfiat the 

5 cleaning capacity Is higher for less nu)isture content therein. There is used a cleaning agent having a moisture content 
of usually 0 to 50% by weight, preferably 0 to 30% by weight since a high moisture content in the cleaning agent 
involves a fear of causing dry shrinkage of the agent when brought into contact with a dry gas to be cleaned to form 
voids in a cleaning column, thereby bringing atxnjt cfiannelling of the gas. 

By regulating the moisture content in the cleaning agent to the above-mentioned level it is made possiksle to stably 

10 maintain the cleaning capacity at an expected level witfKXit the deterioration of the cleaning capacity even in the case 
of dry gas to k>e cleaned. 

The temperature at which the gas is brought into contact with the cleaning agent is usually around ordinary tem- 
perature (0 to 50*>C). since in the case of a high tempemture there is a fear of causing deterioration of the cleaning 
capacity with ttie elapse of time and because the cleaning agent is imparted with sufficient cleaning capacity even at 
75 onfinary temperature. 

In tfie case where the harmful gas has a high concentration of harmful components, the heat of reaction due to 
cleaning is accompanied by a rise in temperature to some extent, but tfvere is no fear of generating at>normal heat 
because of the temperature rise being limited to about lO^C and the cooling effect from tfte flowing gas during the 
cleaning operation. 

20 The pressure under which the gas to be treated is brought into contact with the cleaning agent is r^n specifically 
limited, but is usually atmospheric pressura It is possftsle to operate the cleaning system under reduced pressure or 
under pressure in the range of. for example, from 0.5 to 2.0 kg/cm^ abs. 

The obncentraticn of the gas to be cleaned to wfuch tfie process according to the present invention is applied, is 
not specifically limited, but may be in the range of from a low concentration to a high concentration, bi the case of dean- 
25 ing an exfiaust gas at the time of manufacturing semiconductors, an exfiaust gas usually fiaving a concentration of from 
several ppm to several ten thousands ppm is subjected to the deaning process. 

The f fow vefodty of the gas to be treated to which the process according to the present invention is applied, is not 
specifically limited, but is designed in the range of usually atxxit 0.1 to 50 cm/sec expressed in terms of superf icsal linear 
vefodty (LV) on the bas^ of an empty cdumn. Preferably, the superf ictal linear vefodty to fc)e set usually decreases with 
30 an inCTease in tfte concentration of the gas to be treated. For example, the superf idal linear vefodty for the gas having 
a concentration as high as 1% or mae is set to 10 cm/sec or fower. 

The deaning agerrt to be employed in the present invention is usually used in the form of a fixed bed. tfxxigh it is 
usatsle in the form of a moving bed or a fluidized bed 

The deaning agent is packed in a deaning column, which makes the gas to be treated pass through itself, so tfiat 
35 the gas is deaned through the contact with the deaning agent tfius packed. The packing density of the deaning agent 
in the deaning column is in the range of usually from 0.8 to 1 .5 gfar?, approximately 

Asdescrfoed hereinbefore, acoordirig to the process of the present invention it is rnade possfole to dean a fi^^ 
^s with high effidency and safety in a tenrperature region at arourxi room temperature even in the case where tfte gas 
to t>e treated is a dry gas or is tow in the concentration of fiarmful components. 
40 In the followtng. the present invention will be descrit)ed in nx>re detail with reference to comparative examples and 
worfdng examples, wfitch however, shall nc/t restrid tfie present invention thereto. 

Examples 1 toS 

45 (Metal oxides) 

There was used, as a metal oxides composition, the composition availat)le on the market (produced by Nissan Gir- 
dler Ca. Lid. under the trade name Hopukalite) having a chemical composition consisting of 50% by weight of manga- 
nese dioxide (MnO^. 22% by weight of cupric oxide (CuO). 12.5% by weight of magnesium oxide (MgO), 12.5% by 
50 weight of cfiahiminum trioxide (AI^Q^) arxJ 3% by weight of moisture in the form of an extrusion molded item having a 
diameter of 1 .5 rnn and a length of 3 to 10 mm. 

(Preparation of deaning agents) 

55 To 130g of Hopukafite was spreadingly and adhesively added an aqueous solution of any of 29.6g. 34.3g, 36.4g. 
51 .1 g and 68.0g of sodium formate expressed in terms of anhydrid in 62g of water to prepare five kinds of deaning 
agents having any of 22.8. 26.4, 28.0. 39.3 and 52.3 parts t>y weigfit of sodium formate in terms of anhydride sipported 
on 1 00 parts by weight of Hopukafita The resulting deaning agents were dried at orcfinary temperature in a stream of 
nitrogen to a moisture content therein of not higher than 5% weight 
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(Cleaning experiment) 

Cleaning experiment was canied out for a hamnful gas tTy the use of each of the five cleaning agents thus prepared. 
Each of the deanir^ agents in a volume of 125.7 miiyiiter (mL) was packed in a cleaning column with an inside diameter 

5 of 40 mm. which allowed dry nitrogen containing chlorine gas in a concentration of 1000 ppm to pass through itself at 
20""^ under atmospheric pressur at a siperiidal linear velocfty of 3.0 cm/sec. Part of the gas at the outlet of the clean- 
ing column was sampled, a measurement was m^e of the concentration of chlorine gas in the cleaned outlet gas by 
means of a gas-detecting tut>e (produced by GASTEC Ca. Ltd. with a detectable lower linrvt of 0.2 ppm) as well as a 
gas detector (produced by Bionics Instrument Ca. Ltd. nxxJel No. TG-100BA) and a deternvnation was made of the 

10 period of time until the concentration of chlorine at the outlet reached the penmissible concentration of 1 ppm (effective 
treatment time). The results are given in Table 1 . 



Table 1 



Example 


Amount of 
sodium fomnate 

to be added 
(parts by weight) 


Mosture content in 
cleaning agent (% 
by weigfrt) 


Concentration of 
harmful compo- 
nent (ppm) 


Superficial linear 
velocity (LV) (cnrtfe) 


Effective treatment 
time (min) 


1 


22.8 


0.98 


1000 


3.0 


773 


2 


26.4 


1.60 


1000 


3.0 


1629 


3 


28.0 


1.10 


1000 


3.0 


987 


4 


39.3 


2.00 


1000 


3.0 


655 


5 


52.3 


2.30 


1000 


3.0 


505 



30 Example 6 

To 1 00 parts weight of Hopukaiite was spreadingly and adhesively added 26.4 parts by weight of sodium formate 
in terms of anhydride, and thereaftw- the cleaning agent thus obrtained was dried to a moisture content of about 28% by 
weight By the use of the resultant deanir^g agent thus dried, deaning experin^ was carried out in the same manner 
35 as in Examples 1 to 5. The results are given in Table 2. 



Table 2 





Example 


Amount of 


Moisture content in 


Concentration of 


Superficial linear 


Effective treatmerrt 


40 




sodium formate 


deaning agent (% 


fiarmful compo- 


vek)city(LV)(cm^) 


time (min) 






to t>e added 


by weight) 


nent (ppm) 










(parts t)y weigfit) 












6 


26.4 


28.3 


1000 


3.0 


1585 



45 



Comparative Example 1 

50 The procedure in Examples 1 to 5 was repeated to carry out the deaning experiment and determine the effective 
treatment time except that sodium formate was not added to the Hopukalrte same as that used in the preparation of the 
deaning agents in Examples 1 to 5. The results are given in Table 3. 

55 
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Table 3 



Conrparative 


Amount of 


Moisture content 


Concentration of 


Siperficial linear 


Effective treat- 


Example 


sodium formate 


in cleaning agent 


harmful compo- 


velocfty (LV) 


ment time (min) 




to t>e added 


(%t>y w^ght) 


nent (ppm) 


(ar\fs) 






(parts by 












weight) 










1 


0.0 


3.00 


1000 


3.0 


176 



Examples 7 to 10 

The procedure in Example 2 was repeated to carry out the cleaning experiment and determine the effective treat- 
ment time by the use of the cleaning agent prepared in tf^e same manner as in Example 2 except that alterations were 
made on the chlorine gas concentration in the untreated harmful gas and the superf tctal linear velocity in the cleaning 
column. The results are given in Table 4. 



Table 4 



Example 


Amount of 
sodium formate 

to t>e added 
(parts by weight) 


Moisture content in 
cleaning agent (% 
by weight) 


Concentration of 
hannful compo- 
nent (ppm) 


Superficial linear 
vetocrty (LV) (cm/s) 


Effective treatment 
time (min) 


7 


26.4 


2.65 


2000 


2.0 


1067 


8 


26.4 


2.30 


5000 


1.0 


1257 


9 


26.4 


2.65 


15000 


1.0 


412 


10 


26.4 


1.52 


50000 


0.5 


313 



35 

Example 11 

The procedure in Example 2 was repeated to carry out the dearting experiment and determine the effective treat- 
40 ment time except tfiat the cleaning agent prepared in the same manner as in Example 2 in a volume of 251.2 vnL was 
packed in the cleaning column same as that used in Examples 1 to 5. which allcwed nitrogen containing chlorine 
gas to pass through rtseH at a superficial linear velocity of 50 cm/isec. The resutts are given in Tat>le 5. 



Table 5 



Example 


Amount of 
sodium formate 

to be added 
(parts weight) 


Mdsture content in 
cleaning agent (% 
kyy weight) 


Concentration of 
harmful compo- 
nent (ppm) 


Superficial Gnear 
velocity (LV) {cmts) 


Effective treatment 
time (min) 


11 


26.4 


1.52 


1000 


50.0 


73 



55 Example 12 

The procedure in Example 2 was repeated to carry out cleaning experim^ and determine the effective treatment 
time except ttiat an alteration was made on the pressure inside the cleaning column so as to set to 1 kg/cm^ The 
results are given in Table 6. 
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Table 6 



Example 


Amount cf 


Moisture con- 


Concentration 


Pressure 


Superfictal lin- 


Effective treat- 




sodium for- 


tent in clean- 


of harmful 


(kg/cm^G) 


ear velocity (LV) 


ment time (min) 




mate to be 


ing agent (% 


conrponent 




(cm^) 






added (parts 


by weight) 


(Ppm) 










by weight) 












12 


26.4 


1.60 


1000 


1.0 


1.5 


1630 



Example 13 

The procedure in Example 2 was repeated to carry out the cleaning experiment and determine the effective treat- 
ment time expect that there was used a metal oxides composition having a chemical composition consisting of 72% by 
weight of cupric oxide (CuO). 20% by weight of mar^nese dioxide (MnO^). 5% by wei^ of dialuminum trioxide 
(AI2Q3) and 3% by weight of moisture. The results are given in Tattle 7. 



Table 7 





Example 


Amount of 


Moisture content in 


Concentration of 


Superfictal linear 


Effective treatment 






sodium formate 


cleaning agent (% 


harmful contpo- 


velocity (LV) (cmfe) 


time (min) 


25 




to be added 


by weight) 


nent(ppm) 










(parts by weight) 












13 


26.4 


2.0 0 


1000 


3.0 


883 



30 



Examples 14 to 16 

The procedure in Examples 1 to 5 was repeated to carry out the cleaning experiment arxi determir^ the effective 
35 treatment time except that any of chlorine trif tiKHlde, sificon tetrafluoride and tungsten hexaf luoride was used in place 
of chlorine gas. The results are given in Table 8. 



Tables 



Example 


Amount of 
sodium formate 
to be added 
(parts by 
weight) 


Moisture con- 
tent in cleaning 
agent (% by 
weight) 


Harmful component 


Superficial lin- 
ear veloctty(LV) 
(cm^) 


Effective treat- 
ment time (min) 








pdnd] 


[concentration 
(ppm)] 






14 


26.4 


3.5 


CIF3 


1000 


3.0 


3051 


15 


26.4 


2.5 


SiF4 


1000 


3.0 


2642 


16 


26.4 


2.5 


WFe 


1000 


3.0 


1931 



55 

Claims 

1 . A process for cleaning a harmful gas which comprises t>ringing a hamrful gas containing at least one member of a 
halogen arxJ a halogen compound into contact with a cleaning agent comprising metal oxides composed princq^aDy 



7 



EP0792 681 A1 



of copper (l[) oxide and manganese (IV) oxide that are spreadingly and adhesively lmx>rporated with sodium for- 
mate so as to remove a harmful component from said harmful gas. 

The process acoordng to Claim 1 wherein the halogen is at least one member selected from the ^roup consisting 
of fluorine, chlorine, bromine, iodine and chlorine trifluoride. and the halogen compound is at least one member 
selected from the group consisting of hydrogen fluoride, hydrogen chloride, hydrogen bromide, hydrogen iodide, 
boron trifluoride, sOicon tetrafluoride. germanium tetrafluoride, tungsten hexafluoride and silicon tetrachlorida 

The process accorcfing to Claim 1 wherein the harmful gas contains at least one m»Tt>erofthe halogen arxi a hal- 
ogen corrpound in a corK^entration of 10^ ppm or less. 

The process accorcGng to Claim 1 wherein the cleaning agent has a moisture content of 0 to 50% by w^ght. 

The process according to Osdm 1 wherein the total content of the copper (II) oxide and the manganese (IV) oxide 
is at least 60% by weight and the ratio by weight of the copper (II) oxide to the rnangan^ oxide is in the range 
of 1 : 0.2 to 1 : 5.0. 

The process according to Claim 1 wherein the sodium formate is incorporated into the cleaning agent in an anrx>unt 
of 1 to 60 parts by weight expresed in terms of sodium formate anhydride per 100 parts by weight of the me^ 
oxide. 
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